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MULTILAYERED PRINTED WIRING BOARD
AND METHOD FOR MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a division of application Ser. No. 11/878,660, filed
Jul. 26, 2007, now abandoned which claims priority to Japa-
nese Patent Application No. 2006-205640 filed on Jul. 28,

2006, all of which are incorporated herein by reference.

BACKGROUND

1. Field of the Invention

The present invention relates to a multilayered printed
wiring board, e.g., which 1s employed as a module board in a
portable device and a method for manufacturing the multi-
layered printed wiring board.

2. Description of the Related Art

Recently, the downsizing and the weight saving for a por-
table device such as a cellular phone are developed and more-
over, the performance of the portable device 1s developed. In
addition, some 1instruments are combined with one another in
the portable device. In this case, a multilayered printed wiring
board 1s employed as the module board 1n the portable device.
In view of the above-described requirements for portable
device, 1t 1s desired to downsize, thin and grow in density the
multilayered printed wiring board. In addition, some hard-
ness and flexibility are required for the multilayered printed
wiring board. For example, the hardness 1s required to realize
the mechanical strength of the multilayered printed wiring,
board. The flexibility 1s required to house the multilayered
printed wiring board 1n a narrow case under the bending
condition.

Conventionally, a rigid-flexible wiring board 1s employed
so as to satisiy the hardness and the tlexibility. The applicant
proposed a new type rigid-tlexible wiring board 1n Reference
1 so as to develop the material yield. In Reference 1, the ngid
wiring board and the flexible wiring board are laminated via
a semi-hardened prepreg and pressed under the heating con-
dition. In this case, the wiring pattern of the rigid wiring board
1s electrically connected with the wiring pattern of the tlexible
wiring board via interlayer connection conductors such as
conductive bumps through the prepreg. In Patent Reference 1,
the mtended rigid-flexible wiring board 1s fabricated through
the above-described manufacturing process.

[Retference 1] JP-A No. 20035-322878 (KOKAI)

In Retference 1, the intended rigid-flexible wiring board can
be easily fabricated from the rigid wiring board and the flex-
ible wiring board at higher material vield, but can not satisty
the downsizing of the board because the number of electric/
clectronic component can not be reduced.

BRIEF SUMMARY OF THE INVENTION

In view of the above-described problems, 1t 1s an object to
provide a multilayered printed wiring board wherein the
number of electric/electronic component can be reduced so as
to downsize the board 1tself and the method for manufactur-
ing the multilayered printed wiring board.

In order to achieve the above object, an aspect of the
present invention relates to a multilayered printed wiring,
board, including: a flexible wiring board with wiring layers
on both main surfaces thereof; a rigid wiring board with
wiring layers on both main surfaces thereof and formed oppo-
site to the flexible wiring board under the condition that an
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2

area of the main surface of the rigid wiring board 1s smaller
than an area of the main surface of the tlexible wiring board;

and an electric/electronic component embedded 1n the rigid
wiring board.

In an embodiment, the multilayered printed wiring board
also 1ncludes: an msulating layer disposed between the flex-
ible wiring board and the rigid wiring board; and an interlayer
connection conductor formed along an axial direction thereof
and disposed between the flexible wiring board and the rigid
wiring board through the mnsulating layer so as to electrically
connect the flexible wiring board and the ngid wiring board
via the wiring layers formed on the main surfaces of the
flexible wiring board and the rigid wiring board; wherein a
diameter of the interlayer connection conductor 1n the side of
the ngid wiring board 1s set smaller than a diameter of the
interlayer connection conductor in the side of the flexible
wiring board.

Another aspect of the present invention relates to a multi-
layered printed wiring board, including: a flexible wiring
board with wiring layers on both main surfaces thereof; a
rigid wiring board with wiring layers on both main surfaces
thereof and formed opposite to the flexible wiring board via
an msulating layer; an interlayer connection conductor dis-
posed through the msulating layer so as to electrically con-
nect the tlexible wiring board and the rigid wiring board under
the condition that a forefront of the interlayer connection
conductor 1s plastically deformed through the connection for
the rigid wiring board and a bottom of the interlayer connec-
tion conductor 1s connected with a connection land of the
wiring layer of the flexible wiring board; and an electric/
clectronic component embedded 1n the rigid wiring board.

Still another aspect of the present ivention relates to a
method for manufacturing a multilayered printed wiring
board, comprising the steps of: preparing a first rigid board
and a second rigid board; mounting an electric/electronic
component on a main surface of the first rigid board; forming
a roll off to house the electric/electronic component at the
second rigid board; laminating the first rigid board and the
second rigid board so that the electric/electronic component
can be inserted 1n the roll off, thereby forming a rigid wiring
board; and laminating the ngid wiring board and a flexible
wiring board via a prepreg to be converted 1nto an 1nsulating
layer so that the rigid wiring board can be electrically con-
nected with the flexible wiring board via an interlayer con-
nection conductor.

According to the aspects of the present invention, since the
clectric/electronic component 1s embedded 1n the rigid wiring
board, the thus obtained multilayered printed wiring board
can be reduced 1n size even though the number of electric/
clectronic component 1s not reduced. Since the multilayered
printed wiring board can exhibit the hardness and the flex-
ibility, the multilayered printed wiring board can be
employed as the module board so as to realize the downsized
portable device.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1(a) 1s a top plan view showing the structure of a
multilayered printed wiring board according to an embodi-
ment of the present invention.

FIG. 1(b) 1s a bottom plan view showing the structure of a
multilayered printed wiring board according to an embodi-
ment of the present invention.

FIG. 2 1s a cross sectional view showing the structure ol the
multilayered printed wiring board in FIG. 1, taken on line

A-A.
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FIG. 3 1s a cross sectional view showing the structure of a
multilayered printed wiring board modified from the one

shown 1n FIG. 2.

FIG. 4 1s a cross sectional view showing the structure of
another multilayered printed wiring board modified from the
one shown 1n FIG. 2.

FIG. S relates to cross sectional views schematically show-
ing some steps in a manufacturing method for the multilay-
ered printed wiring board 1n FIG. 2.

FIG. 6 relates to cross sectional views schematically show-
ing some steps in a manufacturing method for the rigid wiring
board of the multilayered printed wiring board 1n FIG. 2.

FIG. 7A relates to cross sectional views schematically
showing some steps in a manufacturing method for the ngid
wiring board of the multilayered printed wiring board 1n FIG.
2.

FIG. 7B relates to cross sectional views schematically
showing some other steps in a manufacturing method for the
rigid wiring board of the multilayered printed wiring board in
FIG. 2.

FI1G. 8 relates to cross sectional views schematically show-
ing some still other steps 1n a manutfacturing method for the
rigid wiring board of the multilayered printed wiring board in
FIG. 2.

FIG. 9 1s a cross sectional view schematically showing a
rigid wiring board of the multilayered printed wiring board in
FIG. 2.

FIG. 10 relates to cross sectional views schematically
showing some other steps in a manufacturing method for the
multilayered printed wiring board.

FIG. 11 relates to cross sectional views schematically
showing some steps 1n a manufacturing method for the tlex-
ible wiring board of the multilayered printed wiring board 1n
FIG. 2.

FIG. 12 relates to cross sectional views schematically
showing some steps 1n a manufacturing method for the mul-
tilayered printed wiring board 1n FIG. 2.

FIG. 13 relates to cross sectional views schematically
showing some steps 1n a manufacturing method for the mul-
tilayered printed wiring board 1n FIG. 3.

FIG. 14 relates to a cross sectional view schematically
showing a step 1n a manufacturing method for the multilay-
ered printed wiring board 1n FIG. 4.

FIG. 15 relates to a cross sectional view schematically
showing another step 1n a manufacturing method for the mul-
tilayered printed wiring board 1n FIG. 4.

FIG. 16 relates to a cross sectional view schematically
showing still another step 1n a manufacturing method for the
multilayered printed wiring board 1n FIG. 4.

BEST MODE FOR IMPLEMENTING THE
INVENTION

Hereinatiter, the present invention will be described in
detail with reference to the drawings. Like or corresponding
components are designated by the same reference numerals
throughout the drawings and the explanation for like or cor-
responding components will be omitted. The embodiments
and the drawings will be described for the convenience of the
understanding of the present invention so that the present
invention 1s not limited to the embodiments and the drawings.
Moreover, the drawings are schematically illustrated so that
some components may be different from real ones.

First of all, a multilayered printed wiring board according,
to this embodiment will be described with reference to FIGS.
1to 4. FIG. 1(a)1s atop plan view showing the structure of the
multilayered printed wiring board according to this embodi-
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4

ment. FIG. 1(b) 1s a bottom plan view showing the structure of
the multilayered printed wiring board according to this
embodiment. FIG. 2 1s a cross sectional view showing the
structure of the multilayered printed wiring board in FIG. 1,
taken on line A-A. FIG. 3 1s a cross sectional view showing
the structure of a multilayered printed wiring board modified
from the one shown in FIGS. 1 and 2. FIG. 4 1s a cross
sectional view showing the structure of another multilayered
printed wiring board modified from the one shown in FIGS. 1
and 2.

As shown 1n FIGS. 1 and 2, the multilayered printed wiring
board 100 includes a rigid wiring board 1 with wiring layers
on both main surfaces thereof, a tlexible wiring board 2 with
wiring layers on both main surfaces thereof and another rigid
wiring board 3. The rigid wiring boards 1, 3 and the flexible
wiring board 2 are combined with one another to constitute a
prescribed module board. The bottom side of the multilayered
printed wiring board 100 1s made of the flexible board 2
entirely. The rigid boards 1 and 3 are disposed on the top
surface of the tlexible wiring board 2 1n the long direction
thereol with separated from one another. A rigid insulating,
layer 14 1s formed between the flexible wiring board 2 and the
rigid wiring board 1 and between the flexible wiring board 2
and the rigid wiring board 3. An electric/electronic compo-
nent 4 1s embedded in the rigid wiring board 1. Hereinaftter,
the “electric/electronic component” may be called as a “part™.

The length of the tlexible wiring board 2 1s set larger than
the lengths of the rigid wiring boards 1 and 3. As shown 1n
FIG. 1, theretfore, the rigid wiring boards 1 and 3 are disposed
at both ends of the flexible wiring board 2 so that the multi-
layered printed wiring board 100 1s partially constituted ot the
flexible wiring board 2. In this point of view, the multilayered
printed wiring board 100 can exhibit the hardness due to the
rigid wiring boards 1 and 3 and the flexibility due to the
flexible wiring board 2.

Since the widths of the ngid wiring boards 1 and 3 1s set
equal to the width of the flexible wiring board 2, the bottom
surface of the multilayered printed wiring board 100 can be
substantially flattened. As described above, since the multi-
layered printed wiring board 100 1s partially constituted of the
flexible wiring board 2, the flexible wiring board 2 1s partially
exposed. The exposed portion of the tlexible wiring board 2
may be slightly shortened in width in comparison with the
rigid wiring boards 1 and 3. The thickness of the rigid wiring
board 1 1s set substantially equal to the thickness of the rigid
wiring board 3. Therefore, the top surface of the multilayered
printed wiring board 100 1s substantially flattened except the
exposed flexible wiring board 2.

The outermost wiring patterns are partially exposed from
both main surfaces of the multilayered printed wiring board
100 to constitute the external terminals for packaging. The
remnants of the outermost wiring patterns are covered with
protective layers 6, e.g., made of solder resist. One or more
clectric/electronic components are electrically mounted on
the external terminals. In this point of view, the external
terminals function as lands for mounting the electric/elec-
tronic component(s). Since the top surface and the bottom
surface of the multilayered printed wiring board are flattened,
the electric/electronic component(s) can be easily mounted
on the multilayered printed wiring board without any distur-
bance due to the convex portions of the top surface and the
bottom surface thereoi. Herein, the surface patterning struc-
ture 1s exemplified 1 this embodiment, and thus, not
restricted to the exemplified one. Moreover, the rigid wiring
boards 1 and 3 are constituted as a four-layered structure, but
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may be as another layered structure. For example, the rigid
wiring boards 1 and 3 may be constituted as an eight-layered
structure as shown 1n FIG. 4.

Although the concrete size of the multilayered printed
wiring board 100 1s not limited, the concrete size may be set
almost equal to the size of a normal module board to be
housed 1nto a portable device.

As shown 1n FIG. 3, the multilayered printed wiring board
100 may be constituted so as not to contain the rigid wiring
board 3. In this case, the right edge of the flexible wiring board
2 may be used as a connection terminal for another compo-
nent or board. Moreover, the part may be embedded 1n the
rigid wiring board 3. Since the rigid wiring board 3 may be
constructed 1n the same manner as the rigid wiring board 1,
the explanation for the ngid wiring board 3 may be omitted.

As the part 4 to be embedded may be exemplified a passive
component such as a chip resistor, a chip conductor, a chip
inductance and an active component such as a bare chip to be
flip chip-bonded. The size of the part 4 may be set to 0.4
mmx0.2 mm (0402) or 0.6 mmx0.3 mm (0603). Since the
thickness of the exemplified part 1s almost equal to the narrow
side of the part, the exemplified part can be embedded into the
rigid wiring board with a thickness of about 0.5 mm.

As shown 1 FIGS. 1 to 4, in the multilayered printed
wiring board 100 of this embodiment, the part 4 1s disposed in
the rigid wiring board 1 so as to be opposite to the lands for
packaging as portions of the inner wiring layer 22. The elec-
trode terminals 4a of the part 4 are electrically connected with
the lands of the wiring layer 22 via the connection 51. In this
way, the part 4 can be embedded 1n the rigid wiring board 1.
In this case, the part 4 1s faced against the flexible wiring
board 2.

The connection 351 1s made of solder cream, e.g., with a
melting point of 200 to 240° C. higher than a melting point of
a normal solder to be used 1n the packaging and connection
tor another electronic component. In this case, the connection
51 can not be re-melted 1n the packaging and connection for
another electronic component.

As shown 1n FIG. 2, an insulating layer 11 1s formed 1n
plane outside from the wiring layer 22 so as to form a base for
mounting the part 4 via the wiring layer 22. The msulating,
layer 11 1s formed 1n advance before the part 4 1s mounted. In
this point of view, the mnsulating layer 11 may be called as a
“first rigid board”. The part 4 1s surrounded by insulating
layers 12 and 13. In other words, the part 4 1s embedded 1n the
insulating layers 12 and 13. The msulating layer 13 consti-
tutes a rigid board so that a predetermined area of the 1nsu-
lating layer 13 1s removed 1n accordance with the position the
s1ze and the outer shape of the part 4. In this point of view, the
part 4 1s disposed 1n the removed area, that 1s, the roll off 134
of the insulating layer 13. As a result, the insulating layer 13
functions as a second rigid board for embedding the part 4
therein.

The insulating layers 11 to 14 may be made from the
respective prepregs. Each prepreg may be made of a base of
glass fiber nonwoven material, organic fiber nonwoven mate-
rial or paper and an unhardened epoxy resin, polyimide resin,
bismaleimide resin or phenol resin which is infiltrated into the
base. Concretely, glass cloth-epoxy based prepreg may be
exemplified. Since the isulating layer 15 1s flexible, the
isulating layer 15 1s made from a flexible prepreg for a
flexible board. The tlexible prepreg 1s made of a base of glass
cloth or the like and a resin such as polyimide resin tlexible
even alter hardening.

The thickness of each mnsulating layer may be set within a
range of 50 to 120 um when the thickness of the part 4 1s set
to about 0.2 mm. The thickness of each msulating layer may
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be set within arange o1 80 to 160 um when the thickness of the
part 4 1s set to about 0.3 mm. However, the thickness of each
insulating layer may be set within a given range 1n view of the
thickness of the part 4. In this case, the thickness of the
prepreg corresponding to the mnsulating layer 1s set within a
thickness range similar to the thickness range of the msulat-
ing layer. Therefore, the thickness of the prepregs of the
insulating layers 12 and 13 may be set larger than another
prepreg of another insulating layer in order to embed the part
4 1n the mnsulating layers 12 and 13 without fail.

The msulating layers 12 and 14 may be made from
prepregs with resin of higher flmidity therein at a temperature
range to be required 1n molding. In this case, the part 4 can be
absolutely surrounded by the insulating layers 12 and 14. The
thickness of the tlexible insulating layer 15 may be preferably
set within a range of 20 to 60 um. Too thin thickness may
deteriorate the insulating property and the mechanical
strength of the msulating layer 15. Too thick thickness may
deteriorate the flexibility of the insulating layer 15. As shown
in FI1G. 4, the insulating layer 11 and 13 may be constituted as
multilayered insulating layers, respectively from the corre-
sponding prepregs.

As described above, the insulating layer 12 1s formed
between the msulating layers 11 and 13 so as to embed the
space (containing the roll off 13a of the msulating layer 13)
around the part 4. Therefore, the shape of the insulating layer
12 around the part 4 becomes complicated commensurate
with the outer shape of the part 4. The 1nsulating layer 12 can
embed the space around the part 4 by the melted resin of the
corresponding prepreg at the formation of the insulating layer
12. In this case, the msulating layer 12 embeds the spaces of
the wiring layers 21 and 22.

In this point of view, the shape of the insulating layer 12
may be changed in accordance with the sizes, shapes and
positions of the part 4 and the wiring layers 21, 22. In this
embodiment, the insulating layer 12 1s formed so as to cover
the top surface of the part 4 and/or the bottom surface of the
part 4 (refer to FIG. 2), but may be formed as occasion
demands. As shown 1n FIG. 3, the msulating layer 12 may be
formed so as to cover the connection 51. In this case, the part
4 1s surrounded by the msulating layers 12 and 14 so as to be
embedded between the rigid insulating layer 11 and the flex-
ible wiring board 2.

In FIG. 3, the insulating layer 14 1s infiltrated into the roll
off 13a so as to cover the top surface of the part 4. In other
words, the part 4 1s surrounded and sealed by the mnsulating
layers 12 and 14. As a result, the part 4 1s absolutely embed-
ded into and protected by the rigid insulating layers.

According to the multilayered printed wiring board 100
shown 1n FIG. 3, the total thickness of the board 100 can be
reduced in comparison with the thickness of the part 4. In
FIG. 3, the rigid wiring board 3 1s removed, but may be
provided at the nght edge thereof 1n the same manner as the
board 100 1n FIGS. 1 and 2.

In FIG. 4, since the mnsulating layer 13 1s constituted as the
multilayered structure using the corresponding prepregs, the
part 4 can be embedded 1n the insulating layer 13 even though
the thickness of the part 4 1s large. In this case, since the
thickness of each prepreg can be set to a normal thickness
range, the imterlayer connection can be absolutely formed
through the corresponding prepregs by means of conductive
bump. Moreover, since the number of wiring layer can be
increased commensurate with the number of constituent 1nsu-
lating layer, the wiring can be freely designed so that the
planer size of the multilayered printed wiring board 100 can
be reduced.
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In FIG. 4, the number of constituent insulating layer of the
insulating layer 11 1s set equal to the number of constituent
insulating layer of the insulating layer 13, but may be differ-
ent one another. In FIG. 4, the number of constituent insulat-
ing layer 1s set to three for the insulating layers 11 and 13. The
insulating layer 11 may be made of a single layered structure,
and the 1sulating layer 13 may be made of a three-layered
structure. It 1s not required that the total thickness of the
prepregs of the insulating layer 11 1s set equal to the total
thickness of the prepregs of the insulating layer 13. It the total
thickness of the prepregs i1s set equal to one another, the
warpage of the multilayered printed wiring board 100 can be
prevented effectively after the formation by means of press-
ng.

In the case that the mnsulating layers 12 and 14 are consti-
tuted as the multilayered structure, the nsulating layers 12
and 14 may be structured as shown in FIG. 2 or 4. In FIG. 2,
the top surface of the part 4 1s covered with the nsulating
layer 12. In other words, the insulating layers 12 and 14 may
be formed as designed only 11 the part 4 1s surrounded by the
insulating layers 12 and 14 and the connection 51 1s protected
by the insulating layer 12. In fact, the part 4 1s surrounded by
the resins of the prepregs of the mnsulating layers 12 and 14.

The terlayer connection conductors 31 to 335 are origi-
nated from the conductive bumps formed by means of screen
printing of conductive composition paste (often called as
“conductive paste”). Therefore, the diameter of each inter-
layer connection conductor 1s changed along the axial direc-
tion thereof (the thickness direction of the board 100). The
conductive paste may be made, e.g., by dispersing conductive
metallic powders of Ag, Au or Cu 1nto the resin paste. In the
use of the conductive paste, the aspect ratio of the conductive
bump can be increased by means of screen printing using a
metallic mask with a larger thickness. The diameter and
height of the conductive bump may be determined 1n view of
the wiring distance and the thickness of the prepreg.

The interlayer connection conductor 32 1s disposed
between the wiring layers 22 and 23 so as to electrically
connect the wiring layers 22 and 23 through the insulating
layer 12. The diameter of the interlayer connection conductor
32 1s increased from the top 1n the side of the wiring layer 22
to the bottom 1n the side of the wiring layer 23 because the
conductive bump to be the interlayer connection conductor 32
1s formed on the lands of the wiring layer 23 (see, FIGS. 2 to
4).

In this case, the interlayer connection conductor 32 can be
formed effectively and efliciently because the simultaneous
screen printing of the solder cream for the packaging of the
part 4 and the conductive past on the same surface of the
wiring layer 22 requires a complicated screen printing
machine so that the manufacturing cost 1s increased.

The interlayer connection conductor 34 1s disposed
between the wiring layers 24 and 25 so as to electrically
connect the wiring layers 24 and 25 through the insulating
layer 14. The diameter of the interlayer connection conductor
34 1s increased from the top 1n the side of the wiring layer 24
to the bottom 1n the side of the wiring layer 25 because the
conductive bump to be the interlayer connection conductor 34
1s formed on the lands of the wiring layer 25 (see, FIGS. 2 to
4). In this case, since the forefront of the conductive bump to
be the mterlayer connection conductor 34 1s pressed against
the rigid insulating layer 13, the interlayer connection con-
ductor 34 can be connected with the wiring layer 24 without
fail.

The interlayer connection conductors 31, 33 and 35, which
are formed through the msulating layer 11 (first rigid board),
the msulating layer 13 (second rigid board) and the insulating,
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layer 15 (flexible board), may be configured as occasion
demands. It 1s desired, however, to decrease the diameter of
cach mterlayer connection conductor in the side for a smaller
wiring pattern to be formed. In this point of view, the diameter
of each interlayer connection conductor 1s decreased along
the axial direction from the bottom to the top of the multilay-
ered printed wiring board 100. The interlayer connection
conductor 31 to electrically connect the wiring layers 21 and
22 which are formed on both main surfaces of the msulating
layer 11 may be made of a conductive film formed 1n a
through-hole, not from a conductive bump. The nterlayer
connection conductors 33 and 35 may be formed 1n the same
manner as the interlayer connection conductor 31. The inter-
layer connection conductor 33 electrically connects the wir-
ing layers 23 and 24 formed on both main surfaces of the
insulating layer 13. The interlayer connection conductor 35
clectrically connects the wiring layers 25 and 26 formed on
both main surfaces of the insulating layer 15.

in this embodiment, since the part 4 such as the 0402 chip
1s embedded 1nto the multilayered printed wiring board 100,
the multilayered printed wiring board 100 can be downsized
without the decrease of the number of part. Then, since the
multilayered printed wiring board 100 includes the rigid wir-
ing board 1, the multilayered printed wiring board 100 can
maintain the desired hardness. Then, since the multilayered
printed wiring board 100 partially includes only the flexible
wiring board 2, the multilayered printed wiring board 100 can
maintain the desired flexibility. In this embodiment, since the
part 4 1s embedded 1n the rigid wiring board 1, the part 4 can
be protected against external mechanical shock.

In this embodiment, the multilayered printed wiring board
100 1s configured such that some parts can be mounted on the
flexible wiring board 2 (the bottom surface) 1n addition to on
the ngid wiring board 1 (the top surface).

In this point of view, 1f the multilayered printed wiring
board 100 1s configured as a normal size, many parts can be
contained for the multilayered printed wiring board 100
because one or more parts can be embedded 1n the multilay-
ered printed wiring board 100 (insulating layers) and one or
more parts can be mounted on both surfaces of the multilay-
ered printed wiring board 100. If the number of part 1s set to
a conventional one, the multilayered printed wiring board 100
can be downsized in comparison with a conventional one.

Therefore, the multilayered printed wiring board 100 may
be employed as amodule board to be used for a sensor module
or a camera module. Since the module board 1s built 1n a
portable device, the module board 1s required to be down-

s1zed, thinned, grown 1n density and also, flexible enough to
be bended and housed at the fabrication of the portable
device.

(Manufacturing Method)

Some embodiments related to the manufacturing method
of the multilayered printed wiring board will be described
with reference to FIGS. 5 to 16. As described previously, like
or corresponding components are designated by the same
reference numerals throughout the drawings.

As shown 1n FIG. §, first of all, the first rnngid wiring board
structure 10 1s prepared. The part 4 1s embedded 1n the struc-
ture 10. Then, the second rigid wiring board structure 20 1s
prepared. The roll oif 43 1s formed at the second rigid wiring
board structure 20 and the interlayer connection conductor 32
1s formed through the prepreg 12A. Then, the flexible wiring
board structure 2B 1s prepared. The structure 2B contains the
flexible wiring board 2 and the interlayer connection conduc-
tor 32 through the prepreg 12A. The first ngid wiring board
structure 10, the second rigid wiring board structure 20 and
the flexible wiring board structure 2B are positioned and
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pressed one another. Then, the formation process of each
structure will be described hereinatter.

(Formation of Rigid Wiring Board Structure)

(Preparation of Rigid Board for Part to be Embedded)

FI1G. 6 relates to cross sectional views schematically show-
ing some steps for forming the rigid wiring board structure
10. First of all, as shown in FIG. 6(a), the conical conductive
bumps are formed by means of screen printing using conduc-
tive paste on the conductive foil (electrolytic copper foil)
22 A. 'The conductive bumps are converted into the interlayer
connection conductors 31. The bottom diameter of the con-
ductive bump may be set to 200 um and the height of the
conductive bump may be set to 160 um. The conductive
bumps are dried and hardened so as to be converted into the
interlayer connection conductors 31.

Then, as shown 1n FIG. 6(5), the prepreg 11 A 1s formed on
the same surface of the conductive foil 22A and pressed so
that the forefronts of the mterlayer connection conductors 31
are exposed through the prepreg 11A. The forefronts of the
interlayer connection conductors 31 may be pressed and tlat-
tened during or after the formation of the interlayer connec-
tion conductors 31. The diameter of the interlayer connection
conductor 31 1s changed along the axial direction. Then, as
shown 1 FIG. 6(c¢), the conductive fo1l (electrolytic copper
to1l) 21A 1s formed on the prepreg 11A and pressed against
the prepreg 11A. In this case, the conductive foil 21A 1s
clectrically connected with the interlayer connection conduc-
tors 31 and the prepreg 11A 1s hardened to be the msulating
layer 11. The interlayer connection conductors 31 are formed
in conical trapezoidal shape because the forefronts of the
interlayer conductors 31 are flattened.

Then, as shown in FIG. 6(d), the conductive foi1l 22A 1s
patterned by means of photolithography so as to form the
wiring pattern 22 contaiming the lands for packaging and for
connection. The packaging lands are used for mounting the
part 4 and the connection lands are used for connecting the
forefronts of the interlayer connection conductors 32 as
shown 1 FIGS. 2 and 3. As shown 1n FIG. 6(e), the solder
cream S1A 1s printed on the packaging land by means of
screen printing. The solder cream S1A can be easily printed
by means of screen printing. Instead of the screen printing
technique, a dispenser may be employed. Instead o the solder
cream 51A, a conductive resin may be emploved.

Then, the part 4 1s mounted on the packaging lands via the
solder cream 51A by means of mounter. The solder cream
51A 1s reflowed 1n a reflow furnace. As a result, as shown 1n
FIG. 6(f) the part 4 can be mounted on the packaging lands of
the wmng layer 22 via the connection 51 thereby completing
the wiring board structure 10A. The wiring board structure
10A will be employed 1n the subsequent process as shown 1n
FIG. 8.

(Preparation of Rigid Board Containing Space to Embed
Part)

FIG. 7A relates to cross sectional views schematically
showing some steps for forming the rigid board containing
the space to embed the part. First of all, as shown 1n FIG.
7A(a), the conductive foils (electrolytic copperfoils) 23 A and
24 A are formed 1n a given thickness on both main surfaces of
the rigid msulating layer 13 so as to be electrically connected
with one another via the interlayer connection conductor 33
tormed through the insulating layer 13. As a result, the ngid
board with the conductive foils formed on both main surfaces
thereol can be formed. The process in FIG. 7A(a) 1s similar to
the process 1n FIGS. 6(a) to (c).

Then, as shown 1n FIG. 7A(b), the conductive foil 23 A (to
be opposite to the insulating layer 11) 1s patterned by means
of photolithography to form the wiring layer (wiring pattern)
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23 containing the lands for connection. The connection lands
are employed for forming the interlayer connection conduc-
tors 32 as shown 1n FIGS. 2 and 3. In this case, the bottoms of
the interlayer connection conductors 32 with a larger diam-
cter are positioned on the lands.

Then, the conductive bumps are formed 1n conical shape
(e.g., the bottom diameter: 200 um, the height: 160 um) on the
connection lands 23 by means of screen printing using the
conductive paste. The conductive bumps are dried and hard-
ened to be converted into the interlayer connection conductor

32.

Then, as shown in FIG. 7A(d), the prepreg 12A under
semi-hardened condition 1s formed on the wiring layer 23 by
means of pressing machine. In this case, the forefronts of the
interlayer connection conductors 32 are exposed from the
prepreg 12A. The forefronts of the interlayer connection con-
ductors 32 may be flattened during or after the formation of
the interlayer connection conductors 32. The interlayer con-
nection conductors 32 are configured such that each diameter
1s changed along the axial direction. In this case, the wiring
layer 23 1s embedded by the prepreg 12A.

Then as shown 1n FI1G. 7A(e), the roll off 13a 1s formed for
disposing the part 4 therein. The roll off 134 may be formed
as a through-hole 43 at the laminated structure as shown 1n
FIG. 7(d). Theroll oif13a may be formed by means of normal
processing means such as drilling, router processing, punch-
ing processing or laser processing. The size of the roll off 13a
may be determined commensurate with the size of the part 4.
In the processing of the roll off 134, 1t 1s desired not to create
powder dust 1n view of the subsequent embedding of the part
4. It1s desired, therefore, to remove the powder dust by means
of dust roller, air blow machine or dust collector after the
through-hole 43, that 1s, the roll off 13a 1s formed. If a pro-
tective layer 1s formed on the prepreg 12A so as to cover the
forefronts of the interlayer connection conductors 32, the
powder dust 1s unlikely to be directly attached to the fore-
fronts of the interlayer connection conductors 32 and the
prepreg 12A. In this way, the wiring board structure 20A can
be formed.

As shown1n FIG. 6, the part 4 can be mounted on any lands
within the allowable range of the wiring layer 22. As shown in
FIG. 7, in contrast, the roll off 13a 1s necessarily formed 1n
view of the size, the shape and the position of the part 4.

FIG. 7B relates to cross sectional views schematically
showing some other steps for forming the rigid board con-
taining the space to embed the part. The steps shown 1n FIG.
7B correspond to the steps modified from the ones 1n FIG. 7A.
The steps shown 1n FIGS. 7B(a) and (b) are similar to the
steps shown 1n FIGS. 7A(a) and (b). Therefore, the interlayer
connection conductors 33 are formed through the msulating
layer 13, and the conductive foil 24A 1s formed on the rear
surface of the insulating layer 13, and the patterned wiring
layer 23 1s formed on the main surface of the insulating layer
13. Then, the roll off 13a 1s formed as the through-hole 43
through the wiring layer 23, the msulating layer 13 and the
conductive fo1l 24 A. Then, as shown 1n FIG. 7B(d), the coni-
cal conductive bumps are formed by means of screen printing
using the conductive paste. In this case, since the through-
hole 43 (roll off 13a) 1s formed 1n advance, the 1nsulating
layer 13 may be warped by the screen printing. In this point of
view, 1t 1s desired that the roll off 134 1s embedded with the jig
61. Herein, 1t 1s required that the j1g 61 1s not projected from
the msulating layer 13 and the conductive foi1l 24 A so as to
maintain flat the main surfaces of the laminated structure
shown 1n FIG. 7B(d).

Then, as shown 1n FIG. 7B(e), the jig 61 for the screen
printing 1s removed, and the prepreg 12A under semi-hard-
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ened condition (B-stage) 1s formed on the insulating layer 13
so as to cover the wiring layer 23 so that the position of the roll

off 13a (through-hole 43) of the prepreg 12 A can be matched
with the roll oif 13a (through-hole 43) of the laminated struc-
ture. As a result, the wiring board structure 20A can be
formed. According to the steps shown in FIG. 7B, since the
interlayer connection conductors 32 are formed after the
through-hole 43 1s formed, the powder dust created at the
formation of the through-hole 43 can be removed before the
interlayer connection conductors 32 are formed. In this case,
the mterlayer connection conductors 32 can be formed under
no powder dust condition.

The interlayer connection conductors 33 may be made of
the conductive films formed on the inner walls of the through-
holes or the conductive composition materials filled in the
through-holes. For example, if the thickness of the insulting
layer 13 1s increased, the sizes of the interlayer connection
conductors, particularly, the heights and diameters of the
bottom surfaces of the interlayer connection conductors may
be also increased. Therefore, the formation of the interlayer
connection conductors may disturb the miniaturization of the
wiring layer(s), that 1s, the mtended multilayered printed
wiring board 100. In this point of view, when the nsulating,
layer 1s formed thick, the imnterlayer connection conductors
are preferably made of the conductive films or the conductive
composition materials which are formed 1n the through-hole
through the msulating layer. In this case, the diameter of the
interlayer connection conductor becomes uniform along the
axial direction. Herein, the interlayer connection conductors
may be formed 1n any shape only 11 the interlayer connection,
conductors can electrically connect the adjacent wiring lay-
ers.

(Rigid Wiring Board: Combination Through Laminating)

FIG. 8 shows the arrangement between the wiring board
structure 10A and the wiring board structure 20A. The wiring
board structure 10 A 1s laminated onto the wiring board struc-
ture 20A and pressed under heating condition so that the part
4 can be mserted into the roll off 13a (through-hole 43) and
the forefronts of the interlayer connection conductors 32 can
be electrically contacted with the lands of the wiring layer 22.
The pressing may be carried out for both sides of the thus
laminated structure. In this case, the prepreg 12A 1s pertectly
hardened so that the wiring board structure 10A 1s combined
with the wiring board structure 20A via the prepreg 12A.

In this case, since the prepreg 12 A 1s rendered fluid through
the heating, the prepreg 12A 1s partially infiltrated around the
part 4 so that the part 4 can be sealed with the resin of the
prepreg 12A. In this case, the connection 51 1s also covered
with the resin of the prepreg 12A. Since the part 4 1s sealed
with the resin of the prepreg 12A, the part 4 1s also fixed with
the resin of the prepreg 12A. Therelfore, the part 4 can be
clectrically connected with the lands of the wiring layer 22
without fail. In the case that the part 4 1s mounted on the
board, since the part 4 1s very small so that the connection
between the part 4 and the electrode terminals 1s also very
small, the part 4 1s likely to be dropped out of the electrode
terminals due to the soldering retlow. In contrast, 1n this
embodiment, the part 4 can be fixed 1n the board with the resin
of the prepreg without fail so that the reliability of the part 4
can be improved.

Then, as shown in FIG. 9, the conductive foils 21A and 24 A
are patterned by means of photolithography to form the wir-
ing layers 21 and 24. The wiring layer 24 includes the lands
for connecting the forefronts of the interlayer connection
conductors 34 shown 1n FIG. 2. Then, the protective layer 6,
¢.g., made of solder resist, 1s formed on the wiring layer 21 so
as to expose the portions of the wiring layer 21 to be used as
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external terminals. No protective layer 1s formed on the wir-
ing layer 24 to which the tflexible wiring board 1s to be formed.
In this way, the intended rigid wiring board 1 containing the
part 4 therein can be formed as shown 1n FIG. 9.

In FIGS. 6 to 8, the patterning process of the wiring layers
21 and 24 and the forming process of the protective layer 6 are
carried out after the wiring board structures 10A and 20A are
laminated and combined one another via the prepreg 12A. As
shown i FIG. 10, however, the patterning process of the
wiring layers 21 and 24 and the forming process of the pro-
tective layer 6 are carried out before the wiring board struc-
tures 10A and 20A are laminated and combined one another
via the prepreg 12A. Both processes relating to FIGS. 6 to 8
and FIG. 10 may be employed only 1t the wiring layers 21 and
24 are patterned before the flexible wiring board 1s laminated
via the wiring layers 21 and 24. Some portions of the pat-
terned wiring layer 24 function as the lands for electrically
connecting the mterlayer connection conductors 34.

In the embodiment relating to FIG. 10, the patterning pro-
cess of the wiring layer 24 1s not required after the part 4 1s
inserted into the roll off 134 so that the part 4 may be projected
from the msulating layer 12 or uncovered with the resin of the
prepreg 12A.

(Preparation of Flexible Wiring Board)

Then, the manufacturing process of the flexible wiring
board 2 to be laminated on the rigid wiring board 1 will be
described with reference to FIG. 11.

First of all, as shown 1n FIG. 11(a), the conical conductive
bumps are formed by means of screen printing using conduc-
tive paste on the conductive foil (electrolytic copper foil)
25A. The conductive bumps are converted into the interlayer
connection conductors 35. The bottom diameter of the con-
ductive bump may be set to 200 um and the height of the
conductive bump may be set to 160 um. The conductive
bumps are dried and hardened so as to be converted 1nto the
interlayer connection conductors 35.

Then, as shown in FIG. 11(b), the prepreg 15A under
semi-hardened condition (B stage) 1s formed on the same
surface of the conductive foil 25A and pressed so that the
forefronts of the interlayer connection conductors 35 are
exposed through the prepreg 15A. The forefronts of the inter-
layer connection conductors 35 may be pressed and flattened
during or after the formation of the interlayer connection
conductors 33. Then, as shown 1n FIG. 11({¢), the conductive
fo1l (electrolytic copper foil) 26 A. e.g., with a thickness of
about 18 um 1s formed on the prepreg 15 A and pressed against
the prepreg 15A. In this case, the conductive foil 26A 1s
clectrically connected with the interlayer connection conduc-
tors 35 and the prepreg 15A 1s hardened to be the flexible
insulating layer 15. The interlayer connection conductors 35
are formed in conical trapezoidal shape because the fore-
fronts of the interlayer connection conductors 35 are flat-
tened. The diameters of the interlayer connection conductors
35 are changed along the axial direction and the stacking
direction of the foils and the prepregs.

Then, as shown 1n FI1G. 11(d), the conductive foils 25 A and
26A are patterned by means of photolithography so as to form
the wiring patterns 25 and 26. The wiring pattern 25 1s located
inside 1 the multilayered printed wiring board 100 so as to
contain the lands for connection. The connection lands of the
wiring pattern 25 are formed so as to correspond to the con-
nection lands of the bottom wiring layer 24 of the rigid wiring
board 1. The wiring pattern 26 contains the terminals 5 for
packaging. Then, the protective layer 6, e.g., made of solder
resist, 1s formed on the wiring patterns 25 and 26 except the
connection lands and the external terminals. In this way, the
two-sided flexible wiring board 2 1s formed.
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Then, as shown 1n FIG. 11(e), the conductive bumps 34A to
be the interlayer connection conductors 34 are formed in
conical shape (e.g., the bottom diameter: 200 um, the height:
160 um) on the connection lands of the wiring layer 25 by
means of screen printing using the conductive paste. The
conductive bumps 34A are dried and hardened to be con-
verted into the mterlayer connection conductors 34.

Then, as shown 1n FIG. 11(f), the prepreg 14 A under semi-
hardened condition 1s formed on the wiring layer 25 by means
ol pressing machine. Not shown, the prepreg 14A 1s also
tformed on the side of the wiring layer 25 on which the ngid
wiring board 3 1s laminated. The through-hole 43 to house the
part 4 may be formed for the prepreg 14A 1n advance 1n the
same manner as the msulating layer 13 (refer to FIG. 13). In
this case, the part 4 can not be stressed by the glass cloth or the
like contained 1n the prepreg 14A even though the distance
between the top surface of the part 4 to be embedded and the
wiring layer 25 of the flexible wiring board 2 1s decreased.

In this case, the forefronts of the interlayer connection
conductors 34 are exposed from the prepreg 14A. The fore-
fronts of the interlayer connection conductors 34 may be
flattened during or after the formation of the interlayer con-
nection conductors 34. The interlayer connection conductors
34 are configured such that each diameter 1s changed along
the axial direction. In this case, the wiring layer 25 1s embed-
ded by the prepreg 14A.

The two-sided flexible wiring board with the interlayer
connection conductors through the insulating layer and the
prepreg 1s called as the wiring board structure 2B for conve-
nience. Herein, the two-sided flexible wiring board may be
formed by another manufacturing process. Moreover, the
flexible wiring board may be configured as another structured
wiring board. For example, the flexible wiring board may be
made of polyimide or by means of interlayer connection
using the through-hole. In this case, the steps shown 1n FIG.
11(e) and (f), that 1s, the formation of the prepreg 14 A and the
formation of the conductive bumps through the prepreg 14A
are required.

(Combination of Rigid Wiring Board and Flexible Wiring
Board)

As shown 1n FI1G. 12, the rigid wiring board 1 obtained 1n

FIG. 9 1s laminated onto and pressed against the wiring board

structure 2B under heating condition so that the forefront of

the interlayer connection conductors 34 can be opposite to the
connection lands of the wiring layer 24. In the wiring board
structure 2B, as described above, the forefronts of the inter-
layer connection conductors 34 are exposed from the prepreg
14A. The pressing may be carried out for both sides of the
thus laminated structure. In this case, the prepreg 14A 1s
perfectly hardened so that the rigid wiring board 1 1s com-
bined with the wiring board structure 2B via the prepreg 14 A.

In this case, the forefronts of the interlayer connection
conductors 34 are plastically deformed and flattened against
the connection lands of the wiring layer 24 of the rigid wiring,
board 1 so that the wiring layer 24 can be electrically con-
nected with the interlayer connection conductor 34. The inter-
layer connection conductors 34 are formed 1n conical trap-
ezoidal shape so that each diameter can be changed along the
axial direction. In this embodiment, the diameter of each
interlayer connection conductor 34 1s increased from the side
of the wiring layer 24 to the side of the wiring layer 25. In this
way, the mtended multilayered printed wiring board 100 can
be obtained as shown 1 FIGS. 1 and 2.

FIGS. 14 to 16 relate to cross sectional views schematically
showing some steps 1n a manufacturing method for the mul-
tilayered printed wiring board 1n FIG. 4.
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As shown 1n FIG. 14, the first rigid board and the second
rigid board are prepared, respectively. The first rigid board 1s
configured as a four-layered wiring board containing rigid
three insulating layers and as mounting the part. The second
rigid board 1s also configured as a four-layered wiring board
containing rigid three insulating layers and as providing a
space for the part to be embedded. The first rigid board and the
second rigid board can be formed in the same manner as
shown i FIGS. 6 t0 9.

Then, as shown in FIG. 14, the part 4 1s mounted on the
lands of the wiring layer 22 and the electrode terminals 4a are
clectrically connected with the wiring layer 22 via the con-
nection 51, thereby forming the first rigid wiring board struc-
ture 10 1n the same manner as shown in FIGS. 6(d) and (¥).
Then, the conductive bumps as the interlayer connection con-
ductors 32 are formed on the wiring layer 23 formed on the
main surface of the isulating layer 13, and the prepreg 12A
under semi-hardened condition 1s formed on the same surface
so that the forefronts of the interlayer connection conductors
32 are exposed from the prepreg 12A. Then, the through-hole
43 1s formed at the thus obtained laminated structure so as for
the part 4 to be embedded. In this way, the second rigid wiring
board structure 20 can be formed (refer to FIGS. 7A and 7B).
The forefronts of the interlayer connection conductors 32
may be flattened during or after the exposure of the forefronts
thereof from the prepreg 12A.

Then, the first rigid wiring board structure 10 1s positioned
for and pressed under the heating condition against the sec-
ond rigid wiring board structure 20. The pressing may be
carried out by means of pressing machine. In this case, the
first rigid wiring board structure 10 1s combined with the
second rigid wiring board structure 20, thereby forming the
rigid wiring board 1 as shown in FIG. 15. The mterlayer
connection conductors 32 are configured such that the diam-
eter of each interlayer connection conductor 1s changed along
the axial direction. In FIG. 15, the diameter of each interlayer
connection conductor 1s increased from the side of the wiring
layer 22 to the side of the wiring layer 23. Then, as shown 1n
FIG. 16, the rngid wiring board 1 1s positioned for and pressed
against the flexible wiring board 2, thereby forming the mul-
tilayered printed wiring board 100 as shown 1n FIG. 4.

As described above, according to the manufacturing meth-
ods of these embodiments, one rigid board with the part to be
embedded 1s laminated onto and pressed against the other
rigid board. In this case, since the roll off 1s formed at the other
rigid board commensurate with the part, the part can be
inserted into the roll off at the laminating and the pressing. In
this way, the mtended rnigid wiring board 1s formed and
pressed against the flexible wiring board, thereby forming the
multilayered printed wiring board which can exhibit the hard-
ness and the tlexibility and contain the part therein.

Since the part 1s mounted on the main surface of the rigid
board, the mounting operation of the part can be easily carried
out by means of a normal mounter. Then, since the rigid board
1s laminated onto the additional rigid board so that the part can
be inserted 1nto the roll oif of the additional rigid board, the
part can not be stressed by the additional rigid board. Also,
since the prepreg 1s employed, the part can be sealed with the
resin of the prepreg without an additional sealing member.
Since the part can be embedded at the laminating and press-
ing, the manufacturing process of the multilayered printed
wiring board can be simplified.

In these embodiments, since the interlayer connection con-
ductors are made from the conductive bumps, the multilay-
ered printed wiring board can be grown 1n density and the
manufacturing process can be simplified. Since the part 1s
mounted on the lands of the wiring layer, the electrical con-
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nection of the part can be checked before the packaging
(embedding). In this point of view, the yield ratio of the
multilayered printed wiring board can be developed so that
the manufacturing process of the multilayered printed wiring,
board can be stmplified. The rigid board and the flexible board
can be made from normal matenals, respectively so that the
manufacturing cost of the multilayered printed wiring board
can be reduced.

Since the part 4 1s mserted into the roll off 134 formed by
partially removing the prepregs to be the insulating layers 12
and 13, the part 4 can not be stressed by the reinforcement
member such as glass fiber so as to be protected approprately.
Since the part 4 1s filled with the resin of the prepreg, the part
4 can be operated without fail under no glass fiber and powder
dust.

In other words, since the part 4 1s filled with the resin of the
prepregs to be the insulating layers 12 and 14, the part 4 1s not
stressed by the glass fiber or the aramid fiber as the reinforce-
ment fiber, and thus; appropriately protected. Moreover, since
at least one hard insulating layer made of a prepreg reinforced
by the glass fiber or the like 1s located 1n the vicinity of the part
4, the part 4 can be protected by external pressure and bend-
ing.

In these embodiment, when the rigid wiring board 1 1s
combined with the flexible wiring board 2 via the prepreg
14 A, the conductive bumps 34 A as the interlayer connection
conductors 34 are formed on the flexible wiring board 2, not
on the rigid wiring board 1 as described above with reference
to FIGS. 5 and 11. Namely, the bottoms of the conductive
bumps 34A are located on the flexible wiring board 2 and the
tops of the conductive bumps 34A are faced for the nigid
wiring board 1 as shown 1n FIGS. 2 to 4.

The interlayer connection conductors 34 1s located
between the wiring layers 24 and 25. The wiring layer 24 1s
tormed on the hard insulating layer 13 and the wiring layer 235
1s formed on the flexible msulating layer 15. Therefore, the
forefronts of the conductive bumps are contacted with and
deformed by the hard insulating layer 13 through the lami-
nating and pressing so that the diameter of the bottom of each
interlayer connection conductor becomes large and the diam-
cter of the top of each interlayer connection conductor
becomes small. In this case, the mterlayer connection con-
ductors 34 can be electrically connected with the wiring pat-
tern 24 (connection lands 24) without fail. Moreover, since
the bottoms of the interlayer connection conductors 34 are
connected with the flexible wiring board, the diameters of the
bottoms of the interlayer connection conductors 34 being
larger than the diameters of the tops of the interlayer connec-
tion conductors 34, the flexible wiring board can not be
deformed by the electrical connection of the interlayer con-
nection conductors 34. In contrast, the interlayer connection
conductors 34 are electrically connected with the rigid wiring
board through the plastic deformation of the forefronts of the
interlayer connection conductors 34. In this point of view, the
rigid wiring board can be electrically connected with the
flexible wiring board without fail via the interlayer connec-
tion conductors 34.

The conductive bumps may be formed on the rigid wiring,
board, but 1n this case, the above-described effect/function
can not be exhibited.

In these embodiments, the part 1s mounted on the rigid
board and embedded so that the manufacturing process can be
simplified and the manufacturing reliability can be enhanced.
In another case, the part may be mounted on the flexible
board. In this case, however, since the solder cream and the
conductive bumps are required to be formed on the same
surface of the flexible board, the screen printing machine
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must be devised 1n order to realize the simultaneous forma-
tion of the solder cream and the conductive bumps so that the
manufacturing process becomes complicated. In order to
avold the disadvantage, the conductive connection bumps
may be formed on the rigid board. In this case, however, since
the forefronts of the conductive bumps are connected with the
flexible board, the flexible board may be plastically deformed
while the forefronts of the conductive bumps are not plasti-
cally deformed. As a result, the rigid wiring board 1 may not
be electrically connected with the flexible wiring board 2
without fail via the iterlayer connection conductors 34.
Accordingly, the part 1s mounted on the first rigid board
and the conductive bumps are formed on the flexible wiring
board 2 so as to electrically connect the rigid wiring board and
the flexible wiring board. Then, the second rigid board 1s
prepared and the roll off to embed the part therein 1s formed at
the second rigid board, and the conductive bumps are formed
on the second rigid board so as to electrically connect the first
rigid board and the second rigid board. According to these
embodiments, the multilayered printed wiring board can be
downsized while the number of part to be mounted 1s not
decreased, and exhibit the hardness and flexibility simulta-
neously. Also, the reliability for the electrical connection of
the multilayered printed wiring board can be enhanced.
Although the present invention was described in detail with
reference to the above examples, this invention 1s not limited
to the above disclosure and every kind of variation and modi-

fication may be made without departing from the scope of the
present 1nvention.

What 1s claimed 1s:

1. A multilayered printed wiring board, comprising:

a flexible wiring board with wiring layers on both main
surfaces thereot;

a rigid wiring board with wiring layers on both main sur-
faces thereof;

a first msulating layer sandwiched between said flexible
wiring board and said rigid wiring board;

a first interlayer connection conductor disposed through
said first nsulating layer so as to electrically connect
said flexible wiring board and said rigid wiring board
under the condition that a forefront of said first interlayer
connection conductor 1s plastically deformed through
the connection for said rngid wiring board and a bottom
of said first interlayer connection conductor 1s connected
with a connection land of said wiring layer of said flex-
ible wiring board; and

an electric/electronic component embedded in said rnigid
wiring board,

wherein said rigid wiring board comprises:

a first rigid board to mount said electric/electronic com-
ponent on a main surface thereof;

a second rigid board disposed opposite to said main
surface of said first rigid board on which said electric/
clectronic component 1s mounted under the condition
that a roll ofl to house said electric/electronic compo-
nent 1s formed as a through-hole at said second rigid
board;

a second isulating layer disposed between said first
rigid board and said second rigid board and surround-
ing said electric/electronic component so as to embed
said roll off; and

a second interlayer connection conductor disposed
through said second insulating layer under the condi-
tion that a diameter of said second interlayer connec-
tion conductor 1n the side of said first rigid board 1s set
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smaller than a diameter of said second 1nterlayer con-
nection conductor in the side of said second rigid
board,
wherein said second rigid board of said rigid wiring

board 1s connected with said flexible wiring board via 5
said first insulating layer.

2. The multilayered printed wiring board as set forth in

claim 1,
wherein said electric/electronic component 1s embedded 1n

a resin of a prepreg to be converted into said second 10
insulating layer.
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